Point source norovirus outbreaks can be difficult to track due to high background levels of the virus in the environment and the limited strain variation in some genotyping regions. However, rapid and accurate source identification can limit the spread of a foodborne outbreak and reduce the number of cases. Harmonization of genotyping assays is critical for enabling the rapid exchange of sequence data nationally and internationally. Several regions of the genome have been proposed for this purpose, but no consensus has been reached. In the present study, two standardized genotyping protocols (region C and region D) were evaluated by nine laboratories in Canada and the United States, using a coded panel of 96 fecal specimens representing 22 different norovirus genotypes. Overall, region C typing had a success rate of 78% compared to 52% for region D; however, region D provides greater nucleotide sequence diversity for identifying new GII.4 variant strains. Significant differences in the genotyping success rate were observed among the nine participating laboratories (10% to 100%) and among the different genotypes (6% to 100%). For several genogroup II strains, reduced region D amplification correlated directly with mismatches between primer sequences and the template. Based on overall performance, we recommend the region C protocol for routine genotyping of noroviruses, while the region D protocol may be useful for identifying new GII.4 variants. Standardized genotyping protocols will enable rapid exchange of outbreak and sequence data through electronic norovirus surveillance networks.
Point source norovirus outbreaks can be difficult to track due to high background levels of the virus in the environment and the limited strain variation in some genotyping regions. However, rapid and accurate source identification can limit the spread of a foodborne outbreak and reduce the number of cases. Harmonization of genotyping assays is critical for enabling the rapid exchange of sequence data nationally and internationally. Several regions of the genome have been proposed for this purpose, but no consensus has been reached. In the present study, two standardized genotyping protocols (region C and region D) were evaluated by nine laboratories in Canada and the United States, using a coded panel of 96 fecal specimens representing 22 different norovirus genotypes. Overall, region C typing had a success rate of 78% compared to 52% for region D; however, region D provides greater nucleotide sequence diversity for identifying new GII.4 variant strains. Significant differences in the genotyping success rate were observed among the nine participating laboratories (10% to 100%) and among the different genotypes (6% to 100%). For several genogroup II strains, reduced region D amplification correlated directly with mismatches between primer sequences and the template. Based on overall performance, we recommend the region C protocol for routine genotyping of noroviruses, while the region D protocol may be useful for identifying new GII.4 variants. Standardized genotyping protocols will enable rapid exchange of outbreak and sequence data through electronic norovirus surveillance networks.
Noroviruses (NoVs) are the leading cause of viral gastroenteritis worldwide (9) . In contrast to other gastroenteritis viruses, NoVs infect all age groups (3) . The viruses are spread rapidly and can cause large outbreaks in a wide variety of settings, including health care facilities, restaurants, and schools (5, 6, 11, 17, 20, 23, 32) . Since many countries do not have national NoV surveillance programs, the completeness and quality of reporting systems vary substantially. Outbreak surveillance systems that combine virological and epidemiological information provide an excellent mechanism for tracking differences in rates of NoV activity over time. In addition, they support identification of newly emerging strains and of common-source outbreaks so that transmission routes can be interrupted (5, 15, 18) . Because NoVs cannot be routinely grown in cell culture, most clinical laboratories use either conventional or real-time reverse transcription (RT)-PCR for detection of the virus (4, 7, 13, 22, 25, 26, 29, 30) . Currently, classification of NoV genotypes is based on genetic diversity within the entire capsid gene (2, 16, 33) . However, most laboratories sequence a small region (200 to 344 bp) of either the polymerase (regions A and B) or major capsid (VP1; regions C, D, and E) gene (1, 2, 8, 14, 21, 27, 28) to genotype strains (Fig. 1) . This practice has led to a lack of data on which region is the most useful to genotype and, consequently, a lack of standardization of genotyping methods (30) .
To track international NoV outbreaks, elucidate their transmission routes, and establish standardized genotyping methods in clinical virology laboratories in Canada and the United States, two genotyping protocols (region C [14] and region D [28] ) that target regions within the NoV capsid gene (ORF2) were evaluated, using a coded panel of stool samples. To reduce the number of variables in evaluating the two genotyping protocols, the participating laboratories in this study were also provided with aliquots of oligonucleotide primers (Sigma-Genosys, Oakville, Ontario, Canada) and One-
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Step RT-PCR kits (Qiagen, Mississauga, Ontario, Canada).
Viral RNA extraction. All laboratories began the procedure with a 10 to 20% stool suspension clarified by centrifugation (2,000 ϫ g for 20 min or 6,000 ϫ g for 5 min) and used commercially available RNA extraction procedures (Table 1) . Laboratory A preincubated the clarified specimens with Ն24 milli-Anson units of proteinase K (Qiagen) prior to extraction. Laboratory B used QIAshredder columns (Qiagen) prior to RNA extraction, and laboratory H pretreated the samples with Vertrel (DuPont, Mississauga, Ontario, Canada) prior to extraction. For all procedures, manufacturers' recommendations were followed.
Norovirus TaqMan real-time RT-PCR detection. TaqMan real-time RT-PCR assays for GI and GII NoVs were conducted in each laboratory according to published procedures (see Table S1 through S3 in the supplemental material) (12, 13, 22, 26) . Laboratory A used a GI and GII multiplex format with QuantiTect probe RT-PCR kits (Qiagen). Approximately 2 ϫ 10 4 copies of MS2 bacteriophage RNA (Roche, Mississauga, Ontario, Canada) was coextracted with each sample as an internal control to detect potential inhibitors. Laboratory B also used QuantiTect Probe RT-PCR kits (Qiagen) in monoplex reactions for GII. Laboratories C and D used Brilliant II QRT-PCR core reagent kits and One-Step RT-PCR kits (Stratagene, La Jolla, CA) in monoplex reactions. Laboratory E performed cDNA synthesis using random priming with SuperScript II kits (Invitrogen, Burlington, Ontario, Canada) prior to GI and GII multiplex real-time PCR detection with TaqMan universal DNA master mix kits (Applied Biosystems, Austin, TX). Laboratories F and G tested samples in a monoplex format using AgPath-ID RT-PCR kits (Ambion, Austin, TX). Laboratory H used the monoplex format with LightCycler RNA amplification kit (Roche, Nutley, NJ) reagents. Laboratory I performed GI and GII multiplex reactions by using Superscript III Platinum One-Step qRT-PCR kits (Invitrogen).
Conventional region C and region D RT-PCR assays for genotyping of norovirus. Samples positive by TaqMan real-time RT-PCR were amplified by both a region C and a region D conventional RT-PCR assay, using a OneStep RT-PCR kit (Qiagen), which was provided by the coordinating laboratories. For region C, 5 l of extracted RNA was amplified with 0.4 M of each oligonucleotide primer, G1SKF and G1SKR for GI, or G2SKF and G2SKR for GII (14) , in a final reaction volume of 25 l. After 30 min of RT at 42°C, followed by heat activation of Taq polymerase for 15 min at 95°C, PCR consisting of 40 cycles at 94°C for 30 s, 50°C for 30 s, and 72°C for 60 s followed by a final extension for 5 min at 72°C was performed. For region D, 5 l of extracted RNA was amplified with 0.32 M of each oligonucleotide primer, CapA, CapB1, and CapB2 for GI, or CapC, CapD1, and CapD3 for GII (28) . RNA was reverse transcribed at 42°C for 60 min, followed by heating at 95°C for 15 min. Thermocycling conditions consisted of 40 cycles at 94°C for 60 s, 40°C for 60 s, and 72°C for 60 s followed by a final extension at 72°C for 10 min. ) were purified and bidirectionally sequenced, using a BigDye Terminator kit (Applied Biosystems) (laboratories A, B, E, F, G and I) on an ABI Prism 3100, 3130, or 3130XL genetic analyzer (Applied Biosystems). RT-PCR products from laboratories C and D were sequenced at the Genome Quebec Innovation Center, and RT-PCR products from laboratory H were purified using a QIAquick gel extraction kit and sequenced using a Beckman DTCS Quick Start kit and CEQ 8000 genetic analyzer (Beckman Coulter, Inc., Fullerton, CA).
Data analysis. All results from each participating laboratory were submitted to the coordinating laboratories at Health Canada and the CDC. Results were included in the data analysis when they fulfilled the following criteria: (i) each region C-or region D-positive RT-PCR product was confirmed by sequencing and (ii) the sequence was not identical to that from another panel sample (this condition was waived for known replicates). In order to focus the analysis on the genotyping assays, only samples that tested positive by TaqMan real-time RT-PCR in at least 4 of 5 (GI; 18 samples) or 7 of 9 (GII; 49 samples) laboratories were included. Region C and region D sequences were genotyped by comparison with NoV reference sequences (33), using Pearson correlation similarity settings. A permutation test was used to compare region C typing with region D typing, keeping the number of samples and number of positives fixed within each lab. The ability of a specific laboratory to detect a virus using region C typing or region D typing was assessed by using a sign test (10) on the pairwise differences of the indicator of detection among the labs. These pairwise comparisons were used to group labs that were not significantly different at a significance level of 0.01. This value was chosen to reduce the chance of false positives.
RESULTS
Quality control.
To assess the accuracy and reproducibility of the results submitted from each participating laboratory, we first examined the results for the NoV-negative (n ϭ 10) and -positive (GI, n ϭ 5; GII, n ϭ 5) control samples that had been randomly dispersed in the stool panel. Seven of the 10 negative-control samples tested negative for NoV by TaqMan realtime RT-PCR in all laboratories. The remaining three samples tested positive for NoV GII (threshold cycle [C T ] values ranged from 33.0 to 40.9) in one (H), two (C and E), or three (B, E, and I) laboratories. One of these six test results was confirmed, but the region C sequence obtained was identical to that of an adjacent panel sample. Thus, none of the false positives met the criteria for inclusion in the data analysis. Five (E, F, G, H, and I) of the nine laboratories detected the GI.3b-positive control samples by real-time RT-PCR (C T range, 27.7 to 38.0). Therefore, only GI data from these partner laboratories was included for further analysis. All partner laboratories detected the GII.4-positive control samples by real-time RT-PCR (C T range, 18.7 to 34.5); therefore, all GII genotyping data were included in the analysis.
Comparison of genotyping results. The rate of GI and GII real-time RT-PCR detection in each laboratory ranged from 73% (36/49 GII, laboratory D) to 100% (49/49 GII, laboratories A, B, and I) ( Table 2) . Genotyping rates ranged from 44% (laboratory H) to 100% (laboratories F and I) for region C and from 10% (laboratory C) to 94% (laboratory F) for region D (Table 2 ). Significant differences were noted among testing laboratories for each of the standardized genotyping protocols (P Ͻ 0.01) ( Table 2) .
A small, nucleic acid panel (n ϭ 12) was also tested in laboratories C, D, E, and G. The results indicate that the overall conclusions from this study are sound, with the region C assay typing 100% of GI samples and 78% of GII samples and the region D assay typing 94% of GI samples and 56% of GII samples (data not shown). Interestingly, laboratories C and E had much better typing results with RNA than with stool samples, indicating that extraction and detection methods contribute significantly to the observed lab-to-lab variability (data not shown).
To compare the differences in genotyping rates between the region C and D assays, we assembled and stratified the data from all laboratories by genotype (Table 3 ). All genotypes were amplified and sequenced by at least one lab. Genotyping rates ranged from 59% (GII.10) to 100% (GI.4) for region C and from 6% (GII.14) to 100% (GI.2 and GI.3) for region D (Table 3) . For strains GI.1, GII.2, GII.3, GII.4, GII.5, GII.7, GII.10, and GII.14, region C amplification was more efficient than region D amplification (P Ͻ 0.05) ( Table 3) .
To examine whether a lack of primer-template homology could explain differences in detection rates between region C and region D primers, we determined the number of mismatches between the oligonucleotide primers and GI and GII reference strains. Region C primers, which detected 83% of GII.7 strains, had only one mismatch with the GII.7 reference strain, whereas region D primers, which detected 17% of the GII.7 strains, had three mismatches ( Table 3 ). The correlation between primer mismatches and detection rate was maintained for strains GII.2, GII.3, GII.4, GII.5, GII.10, and GII.14 ( Table  3) . Interestingly, region C primers detected 87% and region D primers detected 74% of the GI.1 strains (P Ͻ 0.05), while there were no mismatches with the GI.I reference strain in either primer set (Table 3) .
Comparative resolution of region C and region D strain differentiation. We compared the phylogenetic analyses of the panel samples to those of standard genotypes (33) . A few discrepancies between the genotypes assigned by region C and region D protocols were noted. Most (15/18, 83%) GI viruses grouped identically. One sample was assigned to the GI.3 genotype using region D and to the GI.14 genotype using region C. Two other samples were assigned to the GI.8 genotype using region D and to the GI.13 genotype using region C. The GII samples were assigned to the same cluster by both proto- (Fig. 2B) , with nucleotide sequence identities ranging from 87 to 95%. This sequence variation between GII.4 strains is higher than for region C sequences, where nucleotide identities ranged from 96 to 98%. The region C and region D sequences of one GII.4 panel sample (046) fell in different clusters (Fig. 2A) .
DISCUSSION
We compared two different NoV genotyping protocols (region C and region D) and evaluated their performances in nine laboratories in Canada and the United States on a coded stool panel. Overall, 78% of the GI samples were genotyped by the region C assay compared to 52% by the region D assay.
In a previous study, the region D protocol, which targets a more-variable region of the VP1 gene than region C, demonstrated an excellent correlation with genotyping of GI and GII NoVs without needing to resort to complete VP1 sequencing (28) . The initial publications of the region C and region D protocols reported genotyping rates of 100% and 95%, respectively (14, 28) . Our data may reflect the increased diversity of the contemporary GII strains included in our stool panel. A previous comparison of different NoV RT-PCR assays gave a similar range of sensitivities (52 to 73%) for assays targeting a partial region of the polymerase gene (30) . For several panel strains, a direct correlation between the number of nucleotide mismatches of the region D primers and the reference sequences for each genotype and the failure to genotype strains was found. However, for strains that were not amplified and did not have mismatches between primers and reference sequences, G/C content and secondary structure may have affected amplification efficiency. Alternatively, a simple substitution in the primer target region of the field strain compared to the prototype strain may explain this. Data from our study will be used to refine the region D primers, which were developed in 2003, to improve the efficiency of this protocol in genotyping strains as the ability to differentiate GII.4 variant strains becomes greater. The lack of a standardized nomenclature for NoV genotyping using different regions of the genome led several participating laboratories to assign identical sequences to different genotypes (data not shown). Based on the amino acid sequence of the complete VP1 gene, NoVs can be classified into five genogroups and at least 32 genotypes (8 in GI. [1] [2] [3] [4] [5] [6] [7] [8] 19 in GII, 2 in GIII, 2 in GIV, and 1 in GV) (19, 31, 33) . However, since several genotypes (e.g., GI.6) form distinct clusters at the nucleotide level, further standardization based on partial nucleotide sequences awaits international agreement.
An important limitation of this study was the variation in viral RNA extraction methods used by the different participating laboratories. In addition to the differences in extraction methods, not all laboratories employed the same GI and GII real-time RT-PCR protocols, which may explain in part the differences in assay sensitivity as well as why several laboratories were unable to detect the GI.3b-positive control strain. To reduce variation in RNA extraction methods, we sent out a small panel of nucleic acids to four laboratories and found that the variability between region C and region D genotyping was significantly reduced, supporting the overall conclusions of this study.
Several electronic surveillance systems for NoV outbreaks have recently been initiated, including CaliciNet in the United States, ViroNet in Canada, and a global norovirus surveillance network called NoroNet (24) . Standardized genotyping protocols for NoV are fundamental for accurate genotyping as well as for rapid exchange of NoV sequences for early identification of newly emerging strains and international norovirus outbreaks.
In conclusion, this study is an important step toward the standardization of NoV genotyping methods for clinical virology laboratories. Further efforts should also include viral RNA extraction methods. Based on overall performance, the region C protocol is recommended for routine genotyping of noroviruses, while the region D protocol has a higher resolution to better distinguish GII.4 variant strains. 
